SUMMARY. Total. ultrafiltrable and ionised calcium concentrations were determined in anaerobic serum from healthy volunteers. patients immediately before and after haemodialysis and patients on continuous ambulatory peritoneal dialysis (CAPO). Protein-bound. complexed and albumin-corrected total calcium concentrations were calculated from the results. During haernodialysis, complexed calcium did not change, whereas the other fractions increased. For patients on CAPO, the total, ionised and protein-bound calcium results were frequently lower than the reference group, whereas the ultrafiltrable and albumin-corrected total calcium results were within or higher than the reference group. Albumin-corrected total calcium for all subjects correlated better with ultrafiltrable calcium than with ionised calcium. It was concluded that low ionised calcium concentrations found in CAPO patients may be related to low albumin concentrations, and the concentration of physiologically active calcium may be normal in these patients.
One aim of dialysis treatment in chronic renal failure is to maintain normal serum calcium levels, thereby preventing secondary hyperparathyroidism. Certain effects ofhaemodialysis on serum calcium fractions have previously been reported, I. 2 but less is known about peritoneal dialysis. It has been recommended that ionised calcium should be measured for the assessment of calcium status in patients on haemodialysis.: ' Ionised calcium is affected by pH. with an increase of 0·1 pH units resulting in a decrease in ionised calcium of 5%. 4 This inverse relationship is due to pH related changes in the calcium binding properties of albumin." The change in serum pH following exposure to air must be allowed for in the determination of the ionised calcium concentration either by collecting samples under anaerobic conditions or by correcting the results to pH 7.4. About 50% of serum calcium is ionised. 40% bound to protein and 10% complexed, mainly with bicarbonate, phosphate, citrate and sulphate. Complexed calcium may be physiologi- cally active in certain situations? and the measurement of diffusible calcium (ionised and complexed) may, therefore, be a good indicator of calcium status. Methods have been described for the routine determination of diffusible calcium by continuous-flow dialysis, II or by ultrafiltration.')' (() It has been argued that for the determination of dialysable calcium it is not necessary to correct for pH because dialysis is performed at pH 7,4.
11 However, this will only be valid for subjects with a normal in vivo pH, and patients with chronic renal failure on dialysis treatment may have an abnormal pH.
In this study total, ultrafiltrable and ionised calcium, and albumin were measured in anaerobic serum from healthy individuals and both haemodialysis and peritoneal dialysis (CAPD) patients. From these results, the protein-bound and the complexed calcium fractions, and the albumin-eorrected total calcium were calculated. The results for the patient groups were compared with the healthy individuals. UK). with a rmmmum amount of stasis. In some cases blood was collected in plain syringes. through a catheter inserted in an arterio-venous fistula. and immediately transferred to evacuated containers. Samples from haemodialysis patients were collected immediately before and after a dialysis session. The samples were allowed to clot. centrifuged and serum withdrawn into plastic syringes. which were capped with rubber seals. stored on ice and assayed without delay.
Methods

PATIENTS AND SPECIMEN COLLECTION
ANAI,YTICAL PROCEDURES
Ultrafiltrates of serum were prepared using the Amicon MPS-I Micropartition System,'! with Amicon YMT filters (Amicon Ltd. Woking. Surrey. UK). For each sample. ().g mL of serum was injected from a syringe into the reservoir which was capped to maintain anaerobic conditions. and the system centrifuged using an angle-head rotor at 1200 g for 35 min at 4°C. Total and ultrafiltrable calcium were measured by atomic absorption spectrophotometry'{ on a Perkin-Elmer 306 instrument (Perkin-Elmer Ltd. Beaconsfield. UK) (intra-assay CV 0·82%. interassay CV 1,72%). Serum ionised calcium was measured using the Radiometer ICA I analyser (Radiometer, Copenhagen. Denmark)13 and the measured value. uncorrected for pH. recorded (interassay CV 1·1%). Serum albumin was measured by a continuous-flow method using bromocresol green (interassay "P<O·OI compared with the reference group. tP<O·OI compared with before haemodialysis.
CV 5%). Protein-bound calcium was calculated as the difference between total and ultrafiltrable calcium, and complexed calcium was calculated as the difference between ultrafiltrable and ionised calcium. Albumin-corrected total calcium was calculated from the total calcium and albumin concentrations using the formula: 14 Corrected=Total+()'()2 (46-Albumin).
Results were correlated using standard linear regression analysis. Statistical analysis of the results was performed by analysis of variance (parametric), and Fischer's correction for multiple group testing applied to the significance levels.
Result'! Table 2 shows the mean and standard deviation for total calcium, calcium fractions, albumin, albumin-corrected total calcium and pH for the healthy volunteers and each group of patients. Figure I shows the individual results for ultrafiltrable and ionised calcium. Compared to the reference group, patients on dialysis had a
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Half of the CAPD patients had ionised calcium results which were below the reference range, whereas only one had an ultrafiltrable calcium concentration below the reference range (Fig. 1) .
The correlation between ionised and ultrafiltrable calcium is shown in Fig. 2A . The albumin-corrected total calcium results correlate better with those for ultrafiltrable calcium (Fig. 28) than with those for ionised calcium (Fig.2C ).
Discussion
Total, ultrafiltrable and ionised calcium all increased during haemodialysis, so that calcium concentrations were normal or higher than normal in patients after haemodialysis, using a dialysis fluid containing 1,65 mmol/L calcium. Other workers, using a lower concentration of calcium in the dialysis fluid, found a decrease in ionised calcium during haemodialysis' and it has been shown that increasing the calcium concentration of the dialysis fluid results in an increase in serum ionised calcium.' Pre-haemodialysis complexed calcium results were significantly higher than those for the reference group. and the increased amounts of complexed calcium in uraemic patients can be explained by a build up of anions such as phosphate and sulphate. These excess anions should be removed by dialysis. resulting in a decrease in the complexed fraction. However. the complexed fraction did not change during haemodialysis, possibly because of an increase in bicarbonate anions. or because a fall in the absolute level of complexed calcium was masked by a haemoconcentration effect. The lack of change in albumin during haemodialysis is not consistent with a hacmoconcentration effect. The increase in protein-bound calcium can be explained by the increase in pH (Table 2) which facilitates the binding of calcium to albumin."
Total and protein-bound calcium results for patients on CAPO were significantly lower than those for the reference group. Although the mean ionised calcium results for the CAPO group did not differ significantly from the reference group, half did have ionised calcium concentrations below the reference group (Fig. I) . Therefore, some patients of CAPO may have low ionised calcium levels even though a higher dialysis fluid calcium concentration (1,75 mmoVL) is used with CAPO than with haemodialysis (1,65 mmoI/L). By contrast, 19 of 20 patients on CAPO had ultrafiltrable calcium concentrations within or above the reference gJ'bup, with a spread of results similar to that found in the post-haemodialysis group. A high proportion of serum total calcium in patients on CAPO is therefore diffusible, with significantly greater than normal amounts of complexed calcium.
For patients on CAPO, protein-bound calcium and albumin results were significantly lower than those for the reference group, while the albumin-corrected total calcium results were significantly higher than those for the reference group. In a large group of hospital patients with no known disorder of calcium metabolism, low ionised calcium results were found to correlate directly with low albumin concentrations, IS hence low ionised calcium results may be found in patients with low albumin concentrations. This would explain, firstly, the finding that half of the patients on CAPO had ionised calcium results below the reference range, but ultrafiltrable and albumincorrected total calcium results within the reference range, and secondly, why albumincorrected total calcium correlated better with ultrafiltrable than with ionised calcium (Fig. 2) .
In conclusion, the assessment of physiologically active calcium in renal patients on dialysis is complex. Concentrations of ionised, ultrafiltrable and albumin-corrected total calcium were within or above the reference range in most patients after haemodialysis. Half the patients on CAPO had reduced concentrations of ionised calcium, but had concentrations of Serum calcium fractions 589 ultrafiltrable and albumin-corrected total calcium within or above the reference range. Albumin-corrected total calcium may be invalid in uraemic patients with abnormal albumin binding properties, and the determination of ionised calcium may be interfered with by abnormal albumin concentrations. Ultrafiltrable calcium is possibly the best measure of physiologically active calcium in these conditions, but more work is needed to establish the extent to which the ultrafiltrable fraction is physiologically active in uraemic serum.
